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Abstract 
The purpose of this study is to identify the pattern of the programme outcomes on engineering mathematics subjects. A direct 
assessment method was used in evaluating the achievement of the PO. The direct assessments involved in this study were data 
marks from final exams, tests, quizzes, assignments or projects. The subject of this study was the first semester students from two 
engineering departments, Universiti Kebangsaan Malaysia, Department of Mechanical and Materials Engineering and 
Department of Civil Engineering. Suitable measurement tools based on Course Outcomes and Programme Outcomes 
techniqueswere then identified, as the main analysis tool and the attainment targets, or the performance criteria was set. The 
relevant data was then collected, analysed and compared to the other attainment target. If the target value is not attained, 
suggestions for improvement were made and implemented. Finally, a clustering technique called the “k-means clustering 
technique” was used in identifying the pattern that exists between POs.it was found the criterion of each cluster based on the 
mean value could produce a great indicator in identify the different types of student in achieving the PO value, while reducing the 
need to carry out too much data collection and analysis. 
© 2011 Published by Elsevier Ltd. Selection and/or peer reviewed under responsibility of the UKM Teaching and Learning 
Congress 2011. 
Keywords: assesment; improvement; clustering; CO; OBE; PO 
1. Introduction 
As the assessment of student learning begins with educational values and serves as a vehicle for educational 
improvement, educational values should be targeted at not only what we choose to assess, but also how we do so.  
Their greatest contribution can be manifested in campuses where the quality of teaching and learning is visibly 
valued and worked at (Basril et. al 2004).  In an Outcome-based Education (OBE) system, the programme outcomes 
would spell out the attributes that the students are expected to have or acquire upon graduation (Basril et. al 2004). 
The attributes may be categorized under the knowledge, practical skill or attitude of the students. For engineering 
programme in the institutes of higher learning in Malaysia, the POs are normally adapted and adopted from the 
Engineering Accreditation Council (EAC) and Malaysia Qualification Agency’s (MQA) requirements. This paper 
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describes the work done by the Fundamental Engineering Unit in evaluating the attainment of its Course Outcome 
for its subjects.The purpose of this paper is to investigate the effects of the course outcome in fulfilling the 
programme outcomes on engineering students based on mathematics subjects. The subject of this study was taken 
from first semester students, enrolled under the Department of Civil Engineering and Department of Mechanical and 
Materials Engineering.  
2.  Methodology 
Programme outcomes (PO) are the set of attributes that indicates what the student should have or acquire upon 
their graduation. These attributes would show the ability and knowledge that the students have acquired after 
undertaking 4 years of undergraduate level learning (Shuaib et. al 2009). In the Faculty of Engineering and Built 
Environment, Universiti Kebangsaan Malaysia, each department has different POs which are configured to meet the 
requirements of the regulatory bodies, especially the EAC.  On the other hand, Course Outcomes (CO) are used to 
specify the objectives of the course while the PO reflect the behavioral change in learning. At first, a matrix is 
devised to linkthe course outcomes with the program outcomes by associating the two.  During this step, it is 
necessary for the matrix to be carefully defined before the design of the course syllabus. This is because the matrix 
serves as critical component which measures the behavioral change emerging from student performance.  
Engineering Mathematics (or in specific, Vector and Calculus) is a major course that is compulsory for all the 
students from the Department of Mechanical and Materials Engineering, Faculty of Engineering and Built 
Environment, UKM in the first semester.  This course covers partial derivatives, vector functions, line integrals, 
double integrals, triple integrals, Green’s Theorem, Stokes’ Theorem, Gauss’ theorem, complex functions, complex 
integrals, Maclaurin series, Laurent series and residue theorem.  In the Grade Point Average (GPA) framework, the 
student performance isevaluated based on course works (50%) and final examination (50%). 
The major concern that arises in this course is to prepare students who understand vector calculus and complex 
calculus at a level, which enables them to apply this knowledge in engineering. The matrix maps program outcomes 
to course outcomes as shown in Table 1. It relates the technical competency to behavioral change in learning. There 
are six course outcomes, and two program outcomes are addressed by this course. CO1 addresses the ability of 
students to understand the basic concepts of partial derivatives.  Meanwhile, CO2 addresses the ability of students to 
understand and apply the concepts of vector function, vector field, scalar field, gradient, divergence and curl. CO3, 
CO5 and CO6 also address the ability of students to understand the concepts of line integral until triple integral, the 
concepts of differentiation and integration of complex functions and the ability to understand Taylor, Maclaurin and 
Laurent series. For CO4, it addresses the ability of a student to apply the Green’s Theorem, Stoke’s Theorem and 
Gauss’ Theorem in solving engineering programmes. In measuring the level of achievement for these course 
outcomes in the GPA framework, tutorial sessions, quizzes, assignments and final examinations are conducted. In 
the OBE framework, the measurement of the behavioral change is the application of system approach to design and 
evaluate the operational performance. Number 1 represents the objective of fulfilling the PO without undergoing any 
formal assessment while number 2 represents the objective of fulfilling the PO by means of a formal assessment. 
Formal assessment can be referred to assessments and evaluations based on tutorials, quizzes and examinations. In 
this study, only the matrix that has the value of number 2 will be considered in the analysis. This is because the 
formal assessment refers to the direct measurement in calculating the COs. The achievement of students for each 
POs were based on the level of achievement from the scale 1 until 5. PO value approaching 5 means that the 
students are able to achieve the objectives specified program. While, if the PO value were below than 2.5, it shows 
that the student’s are not capable in achieving the objectives of specified program since the value of 2.5 represent 
50% of programme outcomes achievement. 
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Table 1. Program Outcomes and Course Outcomes for Engineering Mathematics I (Vector and Calculus) 
 
  Programme Outcomes 
Course Outcome PO1 PO2 
CO1 1   
CO2 2 2 
CO3 2   
CO4 2 2 
CO5 2   
CO6 1   
 
2.1. Course Assessment 
There are two stages to the course assessment. They include the assessment design stage and assessment review 
stage, hence they are inherently self-regulating. A study by Lee et al. (2009)found that in order to obtain both the 
technical competency and attributes of the certified engineers which are inherently qualitative, to be quantitatively 
speaking, it is necessary to define the course outcomes and the program outcomes with a set of vocabulary that is 
measurable. It is for this reason that the Bloom’s Taxonomy is enlisted as one of the main referencesused in the 
preparation of question for the direct assessment tools such as quizzes, assignments, tests and examinations (Lee et 
al, 2009; Kamal et. al 2007).In the case of Vector and Calculus as the subjects, the design for the assessment process 
is summarized in Figure 1. The process starts with the comparison drawn between the course outcomes, as defined 
in the course syllabus.  Then, it is followed by analyzing the questions with reference to the POs, before moving on 
to analyse the average performance of students in addressing the selected POs. Finally, the analysis of performance 
based on the ranking level of POs iscarried out. If the target for the ranking level of POs is not satisfied for both 
departments, the depth analyses on improving the POs have to beperformed.With the marks distribution for the 
assessment in place, the course outcomes and program outcomes are mapped. This is to produce a measurement for 
the program outcomes, which reflects the behavioral change in learning to provide a measure of attributes prescribed 
for graduate engineers by the departments and the BEM indirectly through correlation. The analysis on the 
performance of programs is based on the distribution of course outcomes, the average program outcome scale and 
the ranking of program outcomes. All the analyses on the program and course outcomes are used to produce the 
indicator for the Subject report. Once a weakness is identified, recommendations can be made in the Subject report, 
to be forwarded to academicians and management for improvement.In extracting more information on the 
correlation between both POs, the clustering analysis was used. A non-hierarchical clustering technique called k-
means clustering analysisis used in this study. It is designed to group items, rather than variables, into a collection of 
K clusters.  The number of clusters, K, may either be specified in advance or determined as part of the clustering 
procedure. Generally, this technique is used to perform grouping, based on the consideration by assigning an items 
to the cluster whose centroid (mean) is nearest(Johnson & Wichem2002).This technique aims at minimizing an 
objective function. The objective function that has been used in K-Means analysis areas follows: 
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Figure1. Flowchart of the assessment process for subjects in Engineering Mathematics (Vector and Calculus) 
3. Results and Discussion 
From Figure 2, it was found that the average achievement of POs for both departments was higher than the value 
of 3.5 indicating that the course outcomes for both departments have achieved more than 70% in fulfilling the 
program outcomes. From the figure, it was also found that the achievement for PO2 is slightly lower than PO1. 
Table 1 show clusters centers for 3 clusters based on the two different engineering departments that were used in 
this study. The clusters centers that were found in Table 1 are considered as the mean that exist for each different 
group.  
 
Figure 2. Course Outcome Analysis Performance for Programme Outcomes 
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Table 2shows the center clusters for both Department of Civil Engineering and Department of Mechanical and 
Material Engineering. From Table 2, it shows that the mean of cluster Civil1 and Civil2 for students in Civil 
engineering achieved more than 80% from the maximum value of 5 for either one of the PO component while the 
mean for group Civil3 only achieve the mean value of PO below than 70% for both PO.  
On the other hand, the achievement of students in Mechanical engineering that were divided into three different 
group achieved more than 80% from the total value of PO1 and PO2 for group Mech1. While only one PO for group 
Mech2 produce more than 80% which is PO1. Lastly, the mean center that was produced in group Mech3 show that 
the percentage value of below than 75% from the maximum value of total PO achievement.  
 
Table 2. Clusters center for Mathematics subjects (Vector and Calculus) using K-Means Clustering Technique, (a). The Department of Civil 
Engineering, (b). The Department of Mechanical and Materials Engineering 
 
Cluster 
  Civil1 Civil2 Civil3 Mech1 Mech2 Mech3 
PO1 4.35 3.82 3.38 4.43 4.07 3.44 
PO2 3.27 4.09 3.36 4.2 3.07 3.52 
4. Conclusions 
The Fundamental Engineering Unit has developed a comprehensive assessment strategy to evaluate the Course 
Outcomes for the Programme Outcomes, for each department in question. Generally, the strategy comprises of the 
selection of relevant Course Outcomes that contribute significantly to the attainment of the programme outcomes, 
the identification of the suitable delivery and assessment method and the setting of the desired target for the 
attainment to be realised. From the results, it was found the criterion of each cluster based on the mean value could 
produce a great indicator in identify the different types of student in achieving the PO value.  From the results, it is 
recommended that more data need to be gathered, in the forms of direct and indirect measurements, and our final 
recommendation is that more analysis is essential in order to obtain more comprehensive results.  
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